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ABSTRACT
Of 353 arthroscopic peripheral meniscal repairs per-
formed using the "outside to inside" suturing technique
with rasp preparation of the tear region, 74 repairs (50
medial and 24 lateral) were assessed by second-look
arthroscopy and are the basis of this report. Results
were graded as either healed, incompletely healed, or
failed; these findings were correlated with clinical symp-
toms and associated ACL deficiency. Overall, asymp-
tomatic healing occurred in 84%, with 65% healed and
19% incompletely healed. The failure rate was 16%. All
failures were symptomatic while all healed and incom-
pletely healed menisci were asymptomatic. Failure was
associated with ACL deficiency in all cases. No failures
occurred in either an ACL uninjured knee or an ACL
reconstructed knee. Failure was also associated with
tear location in the posterior horn of the medial menis-
cus. Eleven of 12 failures (92%) involved posterior
medial meniscal tears with only 1 failure located pos-
terolaterally. Visual evidence of healing required a 4
month time interval.
Meniscal tears are the most common intraarticular knee
injury, comprising 75% or more of all internal derangements
of the knee .17 Historically, operative treatment for sympto-
matic meniscal tears involved total meniscectomy by arthro-
tomy regardless of tear type, size, or location. This proce-
dure, which was once felt to be benign,51 has subsequently
been shown to produce grave long-term sequellae. Fairbank 17
was the first to clinically demonstrate the deleterious long-
term affects of total meniscectomy. His classic description
of radiographic joint space narrowing, flattening of the fem-
oral condyle, and marginal osteophyte formation after
meniscectomy remains a landmark work documenting sub- j
sequent progressive hyaline cartilage failure. Jorgensen et
a1.,31 in a long-term prospective study of 147 meniscectomies
done for isolated meniscus tear, reported a 53% incidence of
symptoms and a 40% incidence of Fairbanks changes at 4.5
years. By 14.5 years, 67% were symptomatic while 89%
showed radiographic changes. These are not isolated or
unusual findings. The literature is now replete with reports
of both animal and clinical studies documenting mechan-
ical alterations2,6,8,32,36,4I,47,48 in the knee joint followed by
clinical deterioration.9,11, 15,17,24,26-29,34,35,37,41,53
Multiple attempts have been made to delineate meniscus
function. Shrive49 in 1978 documented a spacer effect of the
meniscus, which implied a load sharing function. Reports
by Walker and coworkers54,55 using pressure transducers,
and Ahmed,’ Fukubayashi,19 and Kurosawa33 using pressure-
sensitive film, concluded that the menisci transmit 50% to
60% of the load across an intact knee. Based on this knowl-
edge and the development of arthroscopic techniques, open
total meniscectomy gave way to partial meniscectomy in an
attempt to preserve meniscus function in the remaining
untorn portion of the meniscus. While direct comparisons
have shown that partial meniscectomy clinically produced
more favorable results than total removal, 21,38,42,51,13 experi-
mentally, partial removal still produced late articular carti-
lage changes. 11
Scapinelli46 in 1968 and later Arnoczky3~4 in 1982 and 1983
found a peripheral meniscal blood supply limited to the
outer one-quarter to one-third of the meniscus substance.
This blood supply logically became the conceptual basis for
potential healing of a peripheral meniscal repair. Since the
meniscus cannot be removed either partially or totally with-
out negative effects, and since partial meniscectomy in a
patient with a radial tear essentially creates the effect of a
total meniscectomy, peripheral meniscal repair has become
an attractive alternative, particularly for the young. Early
experience with meniscus repair was largely limited to open
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repair of medial meniscal detachments at the meniscocap-
sular junction.12-14, 20, 57 Due to difficulties with exposure and
the position of the femoral condyle, vertical peripheral
posterior horn tears located more than 2 mm central
to the meniscocapsular junction are difficult if not impos-
sible to approach by open arthrotomy. For this reason,
arthroscopically assisted suturing techniques were de-
veloped and have improved the potential for repair of this
injury.’, 10,16,22,39,44,56
To date, published results of peripheral meniscal repair
performed by either open or closed methods have been
based largely on clinical parameters in relatively small se-
~7.10.12-14,16.20.22.23.39.43.44.56 The purpose of this study was
to assess a large series of arthroscopic peripheral meniscal
repairs by delayed second-look arthroscopy to define the
true incidence of healing and its relationship to clinical
symptoms, and to identify risk factors associated with in-
complete healing or failure. It was the authors’ intention
that the data obtained by repeat direct arthroscopic visual-
ization would define an average time interval required for
healing and form the basis of a new grading system for
second-look results of peripheral meniscal suturing.
MATERIALS AND METHODS
The clinical material consisted of 353 outer third, displaca-
ble, single, vertical, and longitudinal meniscal tears greater
than 1.5 cm in length repaired by a single arthroscopic
technique. The technique consisted of tear debridement and
local synovial abrasion with a rasp to stimulate a fibrous
healing response, followed by absorbable suture stabilization
of the torn region using the outside to inside method origi-
nally described by Warren 5’ and first reported clinically by
Morgan and Casscells.39 Polydioxanone (O-PDS) (Ethicon,
Somerville, NY) suture was used for all repairs.
As previously recommended by Morgan and Casscells,
most knees (335) were immobilized postoperatively in full
extension for 4 weeks and allowed immediate weightbearing.
In 16 meniscal repairs (15 knees) combined with ACL re-
construction done by EMW, nonweightbearing with early
motion was maintained for 6 weeks. In contrast, 35 knees,
which had combined meniscal repair and ACL reconstruc-
tion done by CDM, CDC, and SWC, were immobilized in
full extension for 4 weeks and allowed immediate weight-
bearing. At 1 week these patients were allowed active range
of motion two times a day from 0° to 60° of flexion (while
not walking) and were otherwise immobilized in full exten-
sion with full weightbearing when walking. In all knees,
rigorous pivoting, sports contact, as well as full flexion
exercises including squatting were not allowed for 6 months
after surgery.
At the time of arthroscopic meniscal repair, records were
kept regarding symptoms and their duration, meniscus tear
location and length, and the status of the ACL as determined
by examination under anesthesia and direct arthroscopic
inspection. Associated ACL deficiency was found in 173
(49%); 97 (27%) of these were surgically stabilized by ar-
throscopically assisted ACL reconstruction using bone-pa-
tellar tendon-bone or multiple thickness semitendinosus
gracilis tendon autografts placed through isometric tibial
and femoral drill holes either combined with meniscus repair
in 51 or as a delayed procedure in 46.
During a 6 year follow-up period, 74 repaired menisci or
21 % of the larger clinical series were evaluated by repeat
arthroscopy and form the basis of this report. The original
repair involved the medial meniscus in 50 patients and the
lateral meniscus in 24 patients. Ninety percent were poste-
rior horn tears; with 10% extending into the midlateral or
midmedial region from the posterior horn appearing as a
peripheral bucket-handle tear pattern. Sixty-two percent of
the second looks were in ACL deficient knees, 32% in ACL
reconstructed knees, and 6% in ACL uninjured knees. The
average time between meniscal repair and repeat arthros-
copy was 8.5 months, with a range from 2 months to 3 years.
Average patient age was 26 years; 46 were men and 28 were
women. Twenty-two repairs were done in recreational ath-
letes, while 52 were done in competitive athletes.
Indications for a repeat arthroscopy were: one at the time
of saphenous nerve exploration for neuroma, one at the time
of semimembranosus ganglion excision, six at the time of
arthroscopic resection of adhesions and manipulation under
anesthesia for lack of full knee motion, 20 asymptomatic
repairs in 10 consenting patients who had prior combined
ACL reconstruction with biocompartmental posterior horn
repairs and, 46 repairs at the time of delayed ACL recon-
struction. In this ACL deficient group, there were 12 cases
of meniscal repair failure that developed recurrent meniscal
tear symptoms during the time between repair and delayed
ACL reconstruction. All patients with clinical failure had a
knee joint effusion, joint line tenderness and pain with full
flexion on physical examination. These 12 cases represented
all clinical failures (3.4% ) that occurred in the 353 original
meniscus repairs, which therefore biased the second-look
series toward failure (Table 1).
Meniscal repairs at repeat arthroscopy were graded as
either healed, incompletely healed, or failed, according to
the following criteria. A healed repair showed no defect or
area of hypermobility to probing at the repair site and had
no secondary tear in the meniscus in an area different from
the repair site (Fig. 1). An incompletely healed repair had a
TABLE 1
Clinical results and second-look results vs. clinical symptoms
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Figure 1. Healed medial meniscus 1 year after repair.
partial defect of less than 50% of the original repair length
or height that was stable (not hypermobile) to probing and
had no secondary tear in the meniscus in an area different
from the repair site (Fig. 2). A failed repair had either a
mobile (unstable) meniscus fragment secondary to rerupture
at the original repair site or a second tear in the meniscal
substance in an area different from the original repair site
with a healed peripheral repair.
At second-look arthroscopy, details regarding the status
of the ACL as either uninjured, reconstructed, or deficient
were recorded and correlated with examination under anes-
thesia and meniscal findings. Also, clinical parameters in-
dicative of meniscal retear including recurrent effusion, me-
chanical symptoms, localizing joint line tenderness, or a
positive McMurray test were recorded and correlated with
meniscal findings.
RESULTS
Results at second-look arthroscopy revealed an overall men-
iscal healing rate of 84% with 65% healed and 19% incom-
pletely healed. The failure rate was 16% (12 cases), all of
which were clinically symptomatic and detectable on pre-
operative physical examination. There were no second look
proven false-negatives. In contrast, there were no false-
positives in the 62 asymptomatic second looks, of which 48
were healed and 14 incompletely healed. Based on this data,
clinical parameters from the presecond-look history and
physical examination were highly accurate in predicting
meniscal failure after repair, but are of no value in predicting
the incompletely healed but stable meniscal repair (Tables
1 and 2).
Figure 2. Incomplete healing of the medial meniscus. A,
superior surface of the medial meniscus, no defect; B, inferior
surface of the medial meniscus, defect present but nonhyper-
mobile.
TABLE 2
Second-look results vs. repair location
Meniscal repair failure was strongly associated with both
ACL deficiency and original repair location in the posterior
horn of the medial meniscus. Eleven of the 12 failures (92%)
were posteromedial repairs and all failures were associated
with ACL deficiency in active, competitive athletes who
opted for conservative treatment of their ACL tear rather
than ACL reconstruction at the time of meniscal repair
(Tables 2 and 3).
The ACL deficient knee with a posterior horn tear of the
medial meniscus was found to be at highest risk for failure.
Of 34 unstable, ACL deficient knees with a posteromedial
meniscus repair, 11 or 32% were graded as failures at second
look, as opposed to only 1 of 12 or 8% for unstable, ACL
deficient posterolateral meniscal repairs. In contrast, no
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TABLE 3
Second-look results vs. ACL status
TABLE 4
Second-look results vs. ACL status and repair location
second-look failures occurred in the ACL uninjured (4) or
the ACL reconstructed (24) meniscal repairs. Interestingly,
the mode of failure in 4 of the 11 (36%) medial failures was
a flap tear at the posteromedial corner located central to the
healed peripheral repair, while the other 7 medial meniscus
failures and the 1 lateral meniscus failure were reruptures
at the original peripheral repair site (Table 4).
Incomplete healing was also associated with posterior
horn repair of the medial meniscus, particularly in the ACL
deficient knee. All 14 incompletely healed menisci involved
the posterior horn of the medial meniscus. Seven (50%) were
associated with ACL deficiency. The incompletely healed
group tended to represent repairs assessed early in the
healing process. Average time from repair to second look for
the incompletely healed group was 4.7 months (range, 2 to
8 months). The average time from repair to second look for
the entire group was 8.5 months (range, 2 months to 4
years). With this in mind, the incompletely healed repair
may represent the early phase of healing, which may go on
to a completely healed repair (Table 4). Conversely, the
incompletely healed repair may, with repeat trauma, go on
to fail at the deficient repair site.
In general, second-look findings revealed that a 3 to 4
month time period after repair was required for complete
fibroblastic repair and disappearance of the previously
placed absorbable suture material (Fig. 3).
Complications
In the original group of 353 arthroscopic meniscal repairs,
there were 10 complications (2.8%) that consisted of three
deep infections that resolved with arthroscopic debridement,
local wound care and antibiotics, four symptomatic adhesion
Figure 3. Early phase of healing, 3 months undissolved suture
present. A, superior surface of the medial meniscus; B, inferior
surface of the medial meniscus.
problems that required resection and manipulation under
anesthesia, one nonfatal pulmonary embolus, four saphen-
ous neuroma, and one semimembranosus ganglion. No com-
plications occurred as a result of the 74 repeat arthroscopies.
DISCUSSION
The 16% failure rate in this study is clearly biased toward
failure because the second-look group (74 repairs) included
all clinically symptomatic patients from the larger group of
353 repairs. Although we recognize that it is invalid to equate
lack of meniscus retear symptoms to healing in the larger
clinical series (354) with a higher success rate, it is valid to
note that all second look proven failures had clinical symp-
toms and signs of meniscal tear on physical examination.
To the practicing clinician, the most important part of this
report may be the fact that the clinical examination accu-
rately predicted all failures in the second-look group with
no false-positives.
Results of this study are similar to those of a smaller
series of 29 second looks at arthroscopic meniscal repairs
reported by Rosenberg44 in which the failure rate was 17%.
All of their failures involved the posterior horn of the medial
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meniscus with 4 of 5 (80%) associated with ACL deficiency.
In addition, no failures occurred in six of Rosenberg’s ACL
reconstructed knees. Hamberg2° reported 27 second looks of
a larger series of open meniscal repairs in which 8 failures
or 30% were identified, all involving the posterior horn of
the medial meniscus in ACL deficient knees. DeHaven 13
reported on 27 open meniscal repairs in ACL deficient knees
and found a 29% meniscal repair failure rate associated with
untreated ACL deficiency, but had only 1 failure (7.6%) in
13 knees that had a combined ACL reconstruction and
meniscus repair. Other authors including Jacob,25 Ryu,45 and
Stone52 have also identified ACL deficiency as a significant
risk factor for meniscal repair failure.
Results of our study as well as others 14,20,25,43,45,52 imply
that the kinematics of the posterior horn of the medial
meniscus in the ACL deficient knee are not conducive to
meniscal healing after repair despite a peripheral blood
supply. However, data from this study and others14,2o,43 have
shown that when combined with ACL reconstruction, pe-
ripheral meniscal repair healing rates improve and approach
those obtained in the ACL uninjured knee. Several factors
related to knee kinematics may be responsible for these
findings. The menisci are part of the complex rotation
mechanism of the intact knee. In that regard, they are
intimately related during terminal extension to the screw
home mechanism of the tibia.35, 51 During terminal extension,
the tibia externally rotates around a central vertical rotation
axis of the femur. As part of this effect, we believe that the
posterior horn of the medial meniscus, as well as the shape
of the medial femoral condyle, are in part responsible for
this rotation centered around the cruciate ligaments.
In the ACL deficient knee, this central vertical rotation
axis is altered. It is this abnormal rotation axis near terminal
extension in the ACL deficient knee that we postulate places
excessive loads on the posterior horn of the medial meniscus
due to both increased anterior tibial translation and in-
creased external tibial rotation. Supporting this concept,
Bach et a1.5 reported a significant increase in the pivot shift
phenomenon in ACL deficient knees when the test was
performed with the tibia in external rotation. In addition,
Jonsson et al.,30 using roentgen stereophotogammetric meth-
ods, measured tibial movements in ACL deficient and intact
knees at the time of the arthroscopy and reported reduced
internal tibial rotation and adduction during terminal knee
extension. During the last 30° of extension, the ACL defi-
cient knees in this study displayed anterior and distal dis-
placements of the tibial intercondylar eminence when com-
pared to intact knees.
Fu and coworkers18 have demonstrated that the posterior
horn of the medial meniscus in an intact knee has a smaller
anterior-posterior excursion range on the posterior tibial
plateau than the posterior horn of the lateral meniscus
during flexion and extension. This reduced mobility is
caused by a more rigid attachment of the posteromedial horn
to the tibia at the meniscotibial portion of the coronary
ligament complex. In the ACL deficient knee, which may
have excessive external tibial rotation and anterior tibial
translation near terminal extension, we believe the posterior
horn of the medial meniscus is more likely to fail because
its attachment is more rigid and therefore cannot escape the
medial femoral condyle as the tibia translates anteriorly and
externally rotates in reference to the femur. Further sup-
porting this concept, Shoemaker and Markoff 48 demon-
strated that the most effective portion of the medial menis-
cus in reducing anterior tibial translational forces was the
posterior horn. During their testing procedure, they showed
that partial posterior medial meniscus tears progressed to
full thickness tears when subjected to anterior translational
forces applied to the tibia.
Improved healing rates for posteromedial peripheral men-
iscal repairs, when combined with ACL reconstruction found
in this and other studies/4,43 may be due to restoration of
more normal anterior translation and external rotation char-
acteristics between the femur and tibia. This important
factor deserves further study. Also, it is interesting to spec-
ulate that ACL reconstruction and meniscal repair produces
a much larger hemarthrosis than meniscal repair alone. This
may play a role in the formation of a larger intraarticular
clot at the meniscal repair site, which in turn may facilitate
fibroblastic repair. A third possibility includes the prolonged
rehabilitation program that is encountered with ACL recon-
struction.
It has been the first author’s clinical experience while
viewing peripheral posterior horn tears with a 70° scope
through the intercondylar notch that knee flexion causes
posterior horn tears to separate from the capsule and ter-
minal extension of the knee reduces these tears regardless
of the ACL status. For this reason, we recommend tying the
meniscus repair sutures and immobilizing the knee in full
extension whenever possible as originally reported in 1986.39
CONCLUSIONS
Clinical parameters in the history and physical examination
indicative of meniscal retear were accurate in predicting
second look proven meniscal repair failure in all 12 cases.
In this series of 74 second looks, the overall asymptomatic
healing rate was 84%, with 65% healed and 19% incom-
pletely healed but stable to probing. Initial visual signs of
healing after repair required a 4 month time interval. The
failure rate was 16%. Failure was associated with meniscal
tear location in the posterior horn of the medial meniscus
and ACL deficiency.
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COMMENTARY
W. Dilworth Cannon, Jr., MD, San Francisco, California:
The authors report a projected meniscal healing rate of
96.6%, an extremely high figure. However, they have re-
paired only vertical longitudinal tears in the outer one-third
of vascularized area of the meniscus, an area that one would
expect to achieve good results.
My main criticism of this paper is that they have projected
the results from a small group of 74 second looks onto the
entire series of 353 patients. This an assumption that has
not been confirmed by other authors. Of the 74 second looks,
there were only 4 isolated menisci repairs with intact ante-
rior cruciate ligaments which all healed, whereas in their
larger series there were 180 isolated meniscal repairs for
which they had projected a 100% healing rate.
In both Hennings’ and my series of isolated repairs, before
the use of fibrin clot and using similar criteria for healing,
only 60% were healed. The authors also state that anatom-
ical failures correlated precisely with clinical failures. This
differs from Henning, who found that two-thirds of his
anatomical failures were clinical successes. In my own series,
47% of the anatomical failures were also clinically healed.
I would suggest that in reporting the results of meniscal
repair that anatomical results be reported separately from
clinical results. Clinical results that are not based on second-
look arthroscopy will always seemingly produce better re-
sults. The authors found that all 14 of their incompletely
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healed menisci involved the posterial horn of the medial
meniscus. However, Henning and I have found a significant
number of incompletely healed menisci to involve a lateral
meniscus and tears around the popliteal hiatus, a notoriously
poorly vascularized area of the bilateral meniscus.
The authors had a 26% failure rate in ACL deficient knees
that were not reconstructed somewhat to DeHaven’s 38% in
the group that were followed for a longer period of time.
They brought 46 repairs back for delayed ACL reconstruc-
tion. I would hope that in the future more patients will
undergo simultaneous meniscal repair and ACL reconstruc-
tion. Aside from these criticisms, the authors have presented
excellent results in the large group of meniscal repairs.
Hopefully this will further reinforce the concept of meniscal
repair rather than excision, especially in an ACL deficient
knee.
